NACA RM No. A8K19 


I FI! 


£ COP v : 


nc 


RESTRICTED 

CONFIDENTIAL 




J;' 


Copy No. 35 v 
RM No. A8K19 


To.. 


CLASSIFICATION CHANGED 

RESTRICTED . 





By author 


ity of.,. n ' 


RESEARCH MEMORANDUM 


INVESTIGATION OF A THIN WING OF ASPECT RATIO 4 IN THE 


AMES 12 -FOOT PRESSURE WIND TUNNEL. IV - THE EFFECT 


OF A CONSTANT -CHORD LEADING-EDGE FLAP 


AT HIGH SUBSONIC SPEEDS 


By Ben H. Johnson, Jr., and Verlin D. Reed 


Ames Aeronautical Laboratory, 

Moffett Field, Calif, this document on loan fro ;, i 

CLASSIFICATION CHANGED 1U 

UNCLASSIFIED national advisory committee for a! 

AUTHORITY CROWLEY CHANGE "CCS&^lev aer -n ^ 

DATE 12-14-53 T.C.F. langlev eielo. ha - . 


CLASSIFIED DOCUMENT 


This document contains classified information 
affecting the National Defense of the United 
States within the meaning of the Espionage Act, 
USC 50:31 and 32. Its transmission or the 
revelation of Its contents in any manner to an 
unauthorized person is prohibited by law. 

Information so classified may be imparted 
only to persons In the military and naval 
services of the United States, appropriate 
civilian officers and employees of the Federal 
Government who have a legitimate Interest 
therein, and to United States citizens of known 
loyalty and discretion who of necessity must be 
informed thereof. 


RtnUtVi? FOR rtJLLR 

AS FOLLOWS: 


l LO BE 


NATIONAL ADVISORY COMMITTEE FOR 
1512 H STREET. N. W. 

WASHINGTON 25. D. C. 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 


WASHINGTON 

January 20, 1949 


£ ^CNAUTIO 




£RONAUTt 


/ 



NACA EM No. A8K19 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

INVESTIGATION OF A THIN WING OF ASPECT RATIO 4 IN THE 
AMES 12— FOOT PRESSURE WIND TUNNEL. IV - THE EFFECT 
OF A CONSTANT-CHORD LEADOTG-EDGE FLAP 
AT HIGH SUBSONIC SPEEDS 
By Ben H. Johnson, Jr., and Verlin D. Reed 


SUMMARY 

Wind-tunnel tests have been made of a semispan model of a thin 
sharp-edged unswept wing of aspect ratio 4 and taper ratio 0.5 
equipped with a full-span, constant-chord, leading— edge flap. 

The effectiveness of the leading— edge flap in improving the lift- 
drag ratio of the wing was investigated at Mach numbers from 0.20 
to 0.94 at a constant Reynolds number of 2,000,000. 

Deflection of the leading— edge flap resulted in an increase 
in maximum lift— drag ratio at Mach numbers below 0.94. At a Mach 
number of O .65 this increase was 46 percent of the maximum lift- 
drag ratio of the plain wing. The magnitude of the gain decreased 
with further increase in Mach number, and at a Mach number of 0.94 
deflection of the leading— edge flap resulted in a decrease in maxi- 
mum lift— drag ratio. The leading— edge flap also increased the lift 
coefficient for maximum lift— drag ratio. At a Mach number of 0.8, 
the maximum lift— drag ratio of the wing with the flap undeflected 
occurred at a lift coefficient of 0.21. With the leading-edge flap 
deflected, this same value of lift-drag ratio could be obtained at 
a lift coefficient of 0.55* 

The flap is thus effective in improving the take-off and climb- 
ing performance of a heavily loaded supersonic aircraft. Application 
of the data to the prediction of the wing lift-drag ratio of an air- 
plane with a wing loading of 120 pounds per square foot in level 
flight at a Mach number of 0.85 and an altitude of 30,000 feet indi- 
cated an increase in lift— drag ratio from 12.3 to 17*1 due to 4° 
deflection of the leading-edge flap. 
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Deflection of the leading— edge flap increased the maximum lift 
and also the angle of attack for maximum lift. Between Mach numbers 
of 0.70 and 0.80 the type of stall on the wing changed from a gentle 
stall with little loss of lift at the lower Mach numbers to an abrupt 
stall with a substantial loss of lift at Mach numbers of 0.80 and 
above. At this same Mach number, 0.80, the effectiveness of the 
leading-edge flap in improving the maximum lift increased abruptly. 


When the lifting surfaces of a supersonic aircraft are not swept 
behind the Mach cone, extremely thin wing sections with sharp leading 
edges are considered necessary to minimize the wave resistance. At 
subsonic speeds such sharp-edged wings have large profile drag as a 
result of flow separation at the leading edge at very low angles of 
attack. These poor section characteristics combined with the large 
induced drag resulting from the low aspect ratio necessitated by the 
small wing thickness ratio severely penalize the performance at sub- 
sonic speeds of such supersonic aircraft. 

The present series of tests was made to investigate the effec- 
tiveness of a leading-edge flap in improving the lifb-drag ratio and 
the maximum lift characteristics over a large range of subsonic speeds 
of a low— aspecb-ratio sharp— edged wing suitable for supersonic air- 
craft. The aerodynamic characteristics of the plain wing have been 
reported in reference 1 and the effects of leading-edge and trailing— 
edge flaps at low speeds have been reported in reference 2. The aero- 
dynamic characteristics of the wing with the leading-edge flap 
deflected are presented herein for a range of Mach numbers from 0.20 
to 0.9^ at a constant Reynolds number of 2,000,000. 


INTRODUCTION 


COEFFICIENTS AND SYMBOLS 


The following coefficients are used in this report: 



lift coefficient 



CD 


drag coefficient ( < ^ r ‘ a S 
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P 


pitching-moment coefficient about quarter-chord point of the 

, . . , , .^pitching moment \ 

wing mean aerodynamic chord l £ j J 

The following symbols are used in this report: 


speed of sound, feet per second 
twice wing semispan, feet 
local chord, feet 

wing mean aerodynamic chord, chord through centroid of 


wing semispan plan— form area 


( V 

Mach number — 

\a 



, feet 


free— stream dynamic pressure 
Eeynolds number 


PV2\ 
2 / 


pounds per square foot 




area of the semispan wing, square feet 
airspeed, feet per second 

distance from plane of symmetry to any spanwise station, feet 
angle of attack of wing— chord plane, degrees 
leading-edge flap deflection, positive downward, degrees 
viscosity of air, slugs per foot— second 
mass density of air, slugs per cubic foot 
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MODELS AND APPAEATUS 

The teste were conducted in the Ames 12— foot pressure wind 
tunnel which is a closed— throat, variable— density wind tunnel with 
a low— turbulence level closely approximating that of free air. 

The semispan wing with a full— span, constant-chord, leading- 
edge flap was the same as that used in the tests reported in refer- 
ence 2. The ridge of the basic diamond profile had been rounded so 
that the thickness ratio was 0.042. The semispan model represented 
a wing of aspect ratio 4, and taper ratio 0.50. The area of the 
leading— edge flap was 15 percent of the total wing area. The 
unsealed gap between the flap and the wing was 0.015 inch. 

Dimensions of the wing are given in figure 1. The semispan model 
was mounted vertically in the tunnel as shown in figure 2. The flap 
was attached to the wing by hinges and rigidly held in position by 
steel plates. Angular distortion of the flap under aerodynamic loads 
was negligible. 


C0BBECTI0NS TO DATA 

The data have been corrected for tunnel— wall interference, 
constriction due to the tunnel walls, and model— support tare forces. 
The method of reference 3 was used in correcting the data for tunnel- 
wall interference. The following corrections were added: 

tsx = 0.363 
£Cd = 0.0056 Cl 2 
= 0 

Corrections to the data for constriction effects of the tunnel 
walls have been evaluated by the method of reference 4. The magnitude 
of these corrections as applied to Mach number and dynamic pressure 
(measured with the tunnel empty) is illustrated by the following 
table : 
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Corrected 

line orrec ted 

^corrected 

Mach Number 

Mach Number 

^-unc orrec ted 

0.94 

0.931 

1.041 

.92 

.915 

1.031 

.90 

.897 

1.028 

.87 

.868 

1.021 

.85 

.848 

1.017 

.80 

.799 

1.012 

•70 

.700 

1.008 

.50 

.500 

1.005 

.20 

.200 

1.000 
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Tare corrections due to the air forces exerted on the exposed 
area of the turntable were obtained from force measurements made 
with the model removed from the tunnel. Possible interference 
effects between the model and the turntable were not evaluated but 
they are believed to be small. The magnitude of the measured tare 
drag coefficient was O.OO 63 . 


TESTS 

Lift, drag, an d pitching-moment data were obtained for a Mach 
number range of 0.20 to 0.94 &t a constant Reynolds number of 
2,000,000. The angle— of-attack range at low speeds was from -6° to 
+19°; whereas at the higher Mach numbers this range was limited by 
model strength and tunnel power. At low speeds, flap deflections of 
0o, 2°, 4°, 6o } ioo, and 20° were tested; whereas at the higher Mach 
numbers the deflection was limited to a maximum of 6°. 


RESULTS AND DISCUSSION 

The effects of deflection of the leading— edge flap on the aero- 
dynamic characteristics of the wing are presented in figures 3 to 6 
for a range of Mach numbers from 0.20 to 0.94. 


Lift Characteristics 

The lift characteristics of the wing as a function of angle of 
attack are presented in figure 3 • Deflection of thd leading— edge 
flap had little effect on the lifi>-curve slope for flap deflections 
up to 10°. An increase in lift-curve slope resulted from 20° deflec- 
tion of the flap. The angle of attack for zero lift was little 
affected by deflections of the flap up to 10° but was increased to 
1° for deflection of the flap to 20°. 
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For the rang© of Mach numbers at which it was possible to obtain 
data at maximum lift (Mach numbers less than 0.87)> deflection of the 
leading— edge flap increased the maximum lift of the wing and also 
increased the angle of attack for maximum lift. Between Mach numbers 
of 0.70 and 0.80 the type of stall on the wing changed from a gentle 
stall with little loss of lift at the lower Mach numbers to an abrupt 
stall with a substantial loss of lift at Mach numbers of 0.80 and 
above. The effect of deflection of the leading— edge flap on the maxi- 
mum lift coefficient underwent a sudden change at this same Mach 
number. At a Mach number of 0.70., a flap deflection of 10° resulted 
in an increase in maximum lift coefficient of only 11 percent, while 
at a Mach number of 0.80 the same flap deflection produced a 25-per- 
cent increase in the maximum lift coefficient. This same flap deflec- 
tion increased the angle of attack for maximum lift less than 1° at 
a Mach number of 0.70 compared to an increase of 4° at a Mach number 
of 0.80. 


Drag Characteristics 

The effects of deflection of the leading-edge flap on the drag 
characteristics of the wing are presented in figure 4. At Mach 
numbers below 0.70, the minimum drag was not affected by deflection 
of the flap to 2°; whereas it was increased approximately 45 percent 
by deflection of the flap to 6°, 100 percent by deflection of the 
flap to 10°, and 250 percent by deflection of the flap to 20°. At 
the higher Mach numbers, the increase in minimum drag was greater, 
the minimum drag increasing approximately 25 percent by deflection 
of the flap to 2° at a Mach number of 0.94. At all Mach numbers at 
which tests were made, the rate of rise of drag with lift decreased 
with increasing deflection of the leading— edge flap. 


Pitching-^ioment Characteristics 

Tests of the plain wing, reported in reference 1, revealed a 
marked rearward movement of the aerodynamic center at angles of 
attack well below that for maximum lift. Tests made at low Mach 
numbers with the leading— edge flap deflected 20° (reference 2) 
indicated a beneficial effect of this leading— edge flap deflection 
in delaying the rearward movement of the aerodynamic center to very 
near maximum lift. The pitching— moment data presented in figure 5 
indicate that flap deflections less than 20° had considerably less 
effect in increasing the lift coefficient at which the aerodynamic 
center moves rearward. At a Mach number of 0.20, deflection of the 
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leading-edge flap 20° delayed the start of the rearward movement of 
the aerodynamic center to a lift coefficient which was 9^ percent 
of the maximum lift coefficient. With zero flap deflection, this 
rearward movement commenced at about 54 percent of the maximum lift 
coefficient; whereas 10° of flap deflection delayed the rearward 
movement to 74 percent of maximum lift coefficient. 

The pitching-moment coefficient corresponding to zero lift became 
increasingly negative as the leading— edge flap was deflected. For all 
flap deflections for which data were obtained, increasing the Mach 
number increased the magnitude of this negative pitching— moment 
coefficient. 


Lift— Drag Eatio 

The lift— drag ratio as a function of the lift coefficient is 
presented in figure 6 for various values of leading-edge flap deflec- 
tion. The maximum values of lift— drag ratio are presented in figure 7 
as a function of the Mach number . Deflection of the leading— edge 
flap resulted in an increase in maximum lift-drag ratio for all test 
Mach numbers below 0.94. At a Mach number of 0.94, deflection of the 
flap resulted in a loss in lift— drag ratio for lift coefficients less 
than O.58. At all test Mach numbers, deflection of the flap increased 
the lift coefficient for maximum lift-drag ratio. 

After reaching a maximum at a Mach number of O. 65 , the effective- 
ness of the flap in improving the maximum lift-drag ratio decreased 
with further increase in Mach number. The leading— edge flap deflec- 
tion for maximum lift-drag ratio decreased as Mach number increased, 
with a very rapid decrease at Mach numbers above 0.80. 

Figure 8 presents the variation of wing lift— drag ratio with 
Mach number for the wing lift coefficients corresponding to level 
flight at an altitude of 30,000 feet for airplane wing loadings of 
80 100 , and 120 pounds per square foot. The values of flap deflec 

tion presented in figure 8 are the values corresponding to the 
largest attainable lift-drag ratio at each Mach number for the wing 
lift coefficient necessary for level flight. For the three wing 
loadings for which calculations were made, the leading-edge flap 
was capable of producing a considerable increment in the lift-drag 
ratio at all Mach numbers up to 0.94. The maximum lift-drag ratio 
with the leading-edge flap deflected was from 30 to kO percent higher 
than the maximum lift— drag ratio with the flap neutral. For the wing 
loadings and altitudes used in the computations, maximum lift-drag 
ratio for the wing with the flap deflected occurred at 0.05 lower Mach 


CONFIDENTIAL 


8 


CONFIDENTIAL 


NACA EM No. A8K19 


number than for the plain wing, and the optimum leading— edge flap 
deflection varied linearly with Mach number and had values of approxi- 
mately 20° at a Mach number of 0.50 and 0° at a Mach number of 0.94. 


SUMMABY OF BESULTS 

Besults of the tests of a semispan model of a thin, straight 
wing of aspect ratio 4 and taper ratio 0.5 with a full— span, constant- 
chord, leading— edge flap at Mach numbers from 0.20 to 0.94 may be 
summarized as follows: 

1. Deflection of the leading— edge flap resulted in an increase 
in the maximum lift^-drag ratio at all test Mach numbers below 0.94. 

At a Mach number of O .65 this increase was 46 percent of the maximum 
lift-drag ratio of the plain wing. Increasing the Mach number above 
O .65 resulted in a decrease in the gain in maximum lift— drag ratio. 

At a Mach number of 0.94, deflection of the flap resulted in a decrease 
in the maximum lift— drag ratio. 

2. Deflection of the leading-edge flap resulted in an increase 
in the lift coefficient for maximum lif-t>-cLrag ratio for all Mach 
numbers up to 0.94. 

3. The flap deflection required for maximum lift-drag ratio 
decreased as Mach number increased, the rate of decrease becoming 
very rapid for Mach numbers above 0.80. 

4. Deflection of the leading— edge flap increased the maximum 
lift of the wing and also increased the angle of attack for maximum 
lift. These effects of flap' deflection increased abruptly at a Mach 
number of 0.80, which is the same Mach number at which the type of 
stall on the wing changes from a gentle stall with little loss of 
lift at lower Mach numbers to an abrupt stall at Mach numbers of 
0.80 and above. 


Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
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Note - Leading- and trai ting- 
edge radii are 0.005. 

Wing plan form 4 // dimensions given in 

inches unless otherwise 

specified. 

h 



Modified diamond section, round ridge 



Figure /.- Semispan model of a wing of aspect ratio 4 , 
tested in the Ames 12-foot pressure wind tunnel. 
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Figure 2.— Semispan model of a wing of aspect ratio k, mounted in the 
Ames 12-foot pressure wind tunnel. 
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(a) M *0. 20, 0. 50, 0. 70, 0. 80, and 0. 85. 

Figure 3r The effect of deflection of the leading-edge flap on the lift characteristics of the wing . 
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(b) M =0.90,0. 92, and 0. 94. 

Figure 3. - Concluded . 
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Drag coefficient, C D 



(a) M=0.20 and 0.50. 


Figure 4 - The effect of deflection of the leading-edge flap on the drag characteristics of the wing. 
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Figure 4.- Continued. 


(b) M*0.70 and 0.80. 
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(c) M - 0. 85 and 0.87 . 


Figure 4 -Continued . 
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Drag coefficient, C D 



(d) M = 0.90, 0.92, and 0. 94. 


Figure 4 - Concluded . 
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Pitching-moment coefficient, C m Pitching-moment coefficient \ Cm Pitching-moment coefficient, Cm 

(a) M = 0. 20, 0 50, and 0. 70. 

Figure 5. -The effect of deflection of the leading -edge flap on the pitching- moment characteristics 
of the wing . 
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(b) M = 0. 80, 0. 85, and 0. 87 . 


Figure 5.- Continued. 
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(c) M = 0.90,0. 92, and 0. 94 . 


Figure 5 . - Concluded . 


ro 

u> 


CONFIDENTIAL 



CONFIDENTIAL 



Lift coefficient ,C L 2 O .2 A .6 .8 

Lift coefficient ,C L -.2 O .2 A .6 .8 

Lift coefficient , C L 

(a) M-0. 20, 0.50, and 0.70. 

Figure 6. - The effect of deflection of the leading-edge flap on the lift -drag ratio of the wing . 
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Lift coefficient , C L 
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Lift coefficient, C L 
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(b) M = 0. 80, 0.85 , and 0.87. 


Figure 6. - Continued . 
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Lift coefficient, C L 
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(c) M = 0 . 90 , 0.92 , and 0 . 94 . 

Lift 

coefficient, C L 



Figure 6. - Concluded . 
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Mach number, M 



Figure 7. - The variation with Mach number of the maximum lift -drag 
ratio and the lift coefficient for maximum lift -drag ratio with 
the leading-edge flap deflected and neutral . 
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(a) Wing loading 80 pounds per square foot . 


Figure 8.- The effect of deflection of the leading-edge flap on 
the variation of lift- drag ratio with Mach number for the wing 
lift coefficients corresponding to level flight at an altitude 
of 30,000 feet. 
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Mach number . M 

(b) Wing loading 100 pounds per square foot . 


Figure 8. - Continued . 
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(c) Wing loading 120 pounds per square foot . 


Figure 8 . - Concluded . 
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